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ABSTRACT OF THE DISCLOSURE AUG 3 1982 

A colony ssi-iHiiating factor £ {Tec civs in 
treasing huHian granulocytopenia is produced by cuUiv 
ins rnor.ocyt.es and macrophages isolates from -,ne human 
peripheral blood in 3 synthetic medium : v» r tissue 
ouluure containing a glycoprotein Uoiate-S frorr. humar- 
urine and capable of scinutlacirsg the formation of 
iiucsan tsranuiocycss or mouse macrophages ar:d grar.uiocy 
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What is claimed is: $ 

■ l> * method for producing a substance capable 

of stimulating the proliferation and differentiation 
of human granulopoietic stem ceils, which comprises 
cultivating monocytes and macrophages s which are 
separated from the human peripheral blood, in a 
synthetic medium for tissue culture containing a glyco- 
protein separated from the human urine and capable of 
stimulating the formation of human granulocytes or 
mouse macrophages and granulocytes, thereby producing 
an active substance In the medium, and recovering 
the active substance from she medium. 
z > A method according to Claim 1, wherein the 

glycoprotein is a glycoprotein capable of stimulating 
the formation of human granulocytes. 
3- A method according to Claim i, wherein the 

glycoprotein is a glycoprotein capable of stimulating 
the formation of .mouse macrophage $ and granulocytes, 
^ A method according to Claim 1, whersin 

the cultivation is carried out in the presence of serum. 
5- A method according to Claim whs re in 

the serum present in the medium is human serum, 
b. k method according to Claim 5, whs re in 

che amount of the serum is at least 5% based on the 
volume of the medium. 

7 - A rushed according to Claim 2, wherein the 

glycoprotein content of the medium is at least 0-1 pg 
per mi of the medium- 
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A method according to Claim 3, wherein the 
glycoprotein content of the medium, is at least 500 
units per ml of Che median!. 

A Jiiethod for producing a substance capable 
of stimulating the proliferation and differentiation 
of human granulopoietic stem eeilss according to Claim I 
wherein the glycoprotein is a partially purified 
material accompanied with urinary proteins. 
10 ' A ftisfchod according to Claim 1, wherein the 

number of cells of monocytes and macrophages inoculated 
lnuo she medium is at least IcP per ml of the medium. 
11 ■ A substance capable of stimulating the 

proliferation and differentiation of human granulo- 
poietic stem ceils, which is produced by the method 
according to Claim 1. 

12. A substance capable of stimulating the 

proliferation and differentiation of human granulo- 
poietic stem cells, which is produced by the raeohod 
according to Claim 2. 

A substance capable of stimulating the 
proliferation and differentiation of human granulo- 
poietic stem ceils, which is produced by the method 
according to Claim 5. 

.■F&thersfcoahaugfo & Co., 
Otteswav Canada 

Pax«at Ageute 
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I This invention relates to a curative for 

human granulocytopenia and, more particularly, to a 
method for producing a substance which directly acts 
on human granulopoietic stem cells {hereinafter referred 
5 to sisnply as stem cells), thereby stimulating the 
proliferation and differentiation of said cells 
[hereinafter suon a substance is referred to as CSF 
( co iony s fcixaul at.i. ng fac tor ) ] , 

It has been widely known that CSF plays a 

10 key role in the granulopoiesis and monocyte (ceils 

yet to grow to macrophages} and/or Biacrophaeje formation 
in vivo and because CSF in the living- human, body 
acts on the stem cells, which are the mother ceils 
for the said granulocyte, monocyte and macrophage, 

15 to Induce their proliferation and differentiation 

[Metcalf > D» , Experimental Haeinatology, Vol, 1, 185-501 
(1973)]- The CSF having such a biological activity 
has been expected to become useful as a medicament for 
treating granulocytopenia [Fumimaro Takaicu, Igaku no 

20 Ayurai (progress in Medical Science) , Vol, 35> "o . 2, 
41-50 (1975)]. The actual use of CSF as a medicinal 
agent s however, has not yet been realized for the 
reasons such that toe mechanism of formation of granulo- 
cytes,, monocytes and macrophages in vivo is complicated, 

25 that there still remained unknown part in the behavior 
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1 of C3P in said mechanism, and that is wss difficult 

to produce large quantities of CS? of a pharmacologically 
acceptable quality , 

As for the use of CSF as a diagnostic reagent, 
5 it was known that the measurement of the number of 
CSF -responsive ceils in bone marrow cells is of great- 
significance for the prognosis on a patient suffering 
from myelogenous leukemia (Nakao and Takaku, Ed,: 
"Proliferation and Differentiation of Blood Ceils - 

10 Fundumenfcai and Clinical aspects - % p. 29, Published 
by Kagaku Hyoronsha Co., Japan, 1975) and CSF is useful 
as a reagent (reference stipulator; for this purposs. 
However, similarly to the case of shove -not eel pharma- 
ceutical use, the use of CSF in diagnosis has nor: yet 

15 been put into practice because of Uh>s difficulty in 
producing large quantities of CSir having a quality 
sufficient enough for the diagnostic use. 

For the preparation of CSF which acts directly 
on the stem cells, there have been known those methods 

20 which involve cultivation of white blood cells of 

the human peripheral blood [Price, G.B. et ai, } Bio- 
chemical Journal, Vol, 148, 209-21? (1975) ]» human 
placental cells [Barges , AJA. et al. s Blood, Vol. ^9, 
Ho. is, 573-583 (1977)] or a certain kind of cancer 

25 cells called CSF-proclucing tumor [ Hakaaki Osawa et ai . , 
Acta Kematologica Japonics , Vol. 43, No . 2 } 237 (1979)".;. 
Among these methods, those which v\&y possibly produce 
CS? suitable for pharmaceutical use are the former two. 
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However, the conventional methods utilizing the said 
cells are experimental methods Tor the preparation 
of 3 ma 11 quantities of CSP and are unsuitable tor 
the large-seals production. Moreover, in preparing 
CSP by the conventional methods serum is an indispens- 
able constituent of the medium for cultivating the 
cells (if the serum is absent in the medium, no C3F 
will be produced) and bovine serum or fatal calf serum 
has conventionally been used. In order to avoid the 
side effects caused by the foreign proteins contained 
in these media, it is necessary to remove said proteins 
after cultivation of the cells or to uss human serum . 
The removal of such proteins from the CSP produced 
in the medium requires a troublesome procedure and 
is difficult , while the human serum^ has a disadvantage 
of expensiveness which results in increased production 
cost,. 

As described above, despite the fact that 
the uses of CSP as a pharmaceutical and as a diagnostic 
reagent were known, no method has heretofore been 
developed for the large-scale, low-cost production 
of a CSF product bavins; no side offsets. 

An object of this invention is to provide 
a method which permits a large-scale production of CSF 
having no side effects and useful as a curative for 
the human granulocytopenia and as a diagnostic reagent 
for the myelogenous leukemia. 

According to this invent it-n, there is provided 
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1 a method for producing a substance capable of stimulat- 
ing; the pro life ration and differentiation of human 
granulopoietic stem ceils., wnioh comprises cultivating 
monocytes and macrophages, which are isolated from 

5 the human peripheral blood, in a synthetic medium 

for tissue culture containing a glycoprotein isolated 



from human urin: 



ana capable of stimulating the 



formation of human granulocytes or mouse macrophages 
and granulocytes, thereby producing an active substance 

10 in the medium, and recovering the -active substance 
from the medium:. 

Itte glycoprotein capable j of stimulating 
the formation of human granulocytes [hereinafter re f arre* 
to as glycoprotein (H)j which is isolated .from human 
urine and used in this invention, is fully described 
in Japanese Patent Application Laid-open Ho. 1*0,707/70, 
West German Patent; "Of feniegungsschri ft 2,910 7»5" 
and U.K. Patent _ Application Publication Mo. 2,016,477. 
A glycoprotein capable of stimulating the formation 

SO of mouse macrophages and granulocytes [heroin referred 
to as glycoprotein ( M ) J , which was isolated from huiaan 
• urine > was described as a known sialic acid -containing 
glycoprotein by Stanley and Metcalf , Australian 
-Journal of Experimental Biological Medical Science, kj t 

25 467-483 (19 6 9 ); St an ie y e t a 1 . s Pe de r a t i on Fro c e od - 
ings, 31, No. 13, 2272-2278 (1975; ; Laukel et al., 
Journal of Cellular Physiology, 9± } 21-30 (1978) and 
others * 
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The synthetic medium for tissue culture 
used in this invention can be a oomnerical synthetic 
medium for us? in tissue culture or ceil culture such 
as, for example, McCoy's 5il medium [McCoy, T.A., 
Maxwell, M. , and Kruse, P.P. ; ?roo. 3cc. Ejtper. Biol, 
and Med., 100: 115-118 (1959;, sold by Gibco Co.], 
Nutrient Mixture HAMF-10 [Ham, n'.U. > 'Exp. Cell Res, 
29: 515-526, sold by Gibco Co.], RPM1-1640 [Iwakata, 
S . , Grace J.T.Jr . , N . Y . J . of Med . : 2279-2282 
(September 15, 2.96^4 > , sold by Nissui Seiyaku Co.], or 
amino acid-supplemented Eagle < s mm. medium [Eagle. H, . 
Science 130: 432 (1959), sold by Nis3ui Seiyaku Co.] . 

The method of this invention is described 
below in detail . 

(1) Isolation of monocytes and' macrophages . 

Blood collected from fches vein of healthy 
individuals by iceans of a heparinized syringe is 
placed in a sterile test cube and left standing; as room 
temperature for i to 2 hours . Subsequent procedures 
are all condusted under aseptic conditions. After 
standing, the upper leukocyte layer is collected, washed 
once with a synthetic medium for tissue culture, and 
subjected to the density gradient centrifugal precipita- 
tion [Mahmood, T. and W.A. Robinson, Blood, 51, 
No. 5,879-837 (1978)] to fractionate into a layer- 
containing monocytes, macrophages and lymphocytes and 
another layer containing granulocytes. T'he former layer 
is collected to obtain a cell fraction. The cell 
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fraction .is suspended in a commercial synthetic medium 
for tissue culture (hereinafter referred to simply 
as medium) and centrifuges to remove and reject the 
supernatant. The cells thus collected are washed 
by adding tine same medium as used above. The washing 
is repeated at least twice. The washed cells are 
suspended in a small volume of the same medium. A 
portion of the resulting suspension is -withdrawn and 
the number of cells is measured with an automatic bloo< 
cell counter. The ratio in number of monocytes and 
macrophages to lymphocytes is determined by ths micro- 
scopic examination of a smear specimen treated with 
a Wrighc-Glemsa's stain. The cell suspension is spreac 
over a Petri dish made of glass or a clastic so that 
the number of inocula (monocytes ami macrophages} may 
amount to the prescribed value, preferably icP to I0 ! ' 
per dish, then added with a commercial svnthetie 
medium for tissue culture supplemented with 5 to 20% 
(volume % based on the medium; the same applies herein- 
after) of serum, and allowed to stand at 3'pO in a 
humidified atmosphere of 5% 00,, in air for 1 to 2 hours 
During tne period of standing, monocytes and macro- 
phages are adhered onto the bottom surface of the dish, 
while lymphocytes remain suspended in the medium. The 
medium is then discarded and the dish is washed several 
times by adding a medium containing; no serum or a 
physiological saline. After the treatment mast of 
the lymphocytes are removed, whereas monocytes and 
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macrophages remain adhered onto the bottom surface of 
the dish, On microscopic examination, it will be 
found that 9555 or more of the ceils adhered onto the 
oo-cvom surface are monocytes and macrophages and the 
number amounts to 1Q 5 - iq? per dish, 

U-) Cultivation of reonacytes and macrophages . 
?a the above culture dish f is added a 
synthetic medium with or without supplemented serum 
and containing at lease 0,1 ug/ml :( medium) of glyco- 
protein (i-i; or glycoprotein (H) -containing fraction 
or at least 500 units/ml (medium; of glycoprotein (M) 
or a glycoprotein (^-containing fraction (the glyco- 
protein unit is described later.) so that the populatlo 
density of monocytes and macrophage.? may become at 
least I0-V;«1 {medium}, The Inoculated medium is 
Incubated at 37°C in a humidified atmosphere of 5? CO^ 
in air for i to 7 da;n to produce C3F in the medium. 
The synthetic medium used above is the aforementioned 
commercial medium for tissue culture. 

The optimal conditions for the production 
of CSF according to this invention with respect to the 
duration of cultivation, amount of the glycoprotein to 
be added, amount or cells to be inoculated, amount of 
serum to be incorporated, and the type of medium are 



described 



In preparing CSF for the pharmaceutical use 
according to this invention, a medium with supplemented 
human serum or a serum-free medium is used in order to 
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avoide side effects caused by foreign proteins. In 
preparing CSP for use as a diagnostic reagent, on the 
other hand, a medium added with bovine serum or fetal 
calf serum may be used, It is also possible to use 
a culture bottle in place of the culture dish. Part he 
those monocytes and macrophages which have undergone 
cultivation may repeatedly used. 

(3.) Glycoprotein to oe added to a medium. 

The glycoprotein used in the method of this 
invention is that isolated from hitman urine and capabl 
of stimulating the formation of bursar, granulocytes 
or mouse macrophages and granulocytes or a fraction 
c on t a in I ng sue h gl y c op r o t e 1 n . 

The glycoprotein capable of stimulating the 
formation of human granulocytes may be obtained accord 
to the description in the Japanese Patent Application 
Laid-open No:. 140,707779 and the other patent puolleat 
as outlined below. 

Fresh urine collected from healthy indi vidua 
Is adjusted to pH 6-9, preferably 7-3, with dilute 
acid or alkaline solutions and centrifuged to remove 
the impurities contained in the urine. The supernatan 
thus obtained is contacted with a silicon-containing 
adsorbent such as, for example, silica gel, silica gel 
magnesium silicate, diatoroaceous earth, silica, glass 
or bentonite and the adsorbed components are a luted wi 
an alkaline solution of preferably pH 9 or higher. 
The alkaline solution used for the elation is not 
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specific but is preferably an aqueous solution of 
ammonium hydroxide, sots turn hydroxide or the : in 
a cone ens rat ion of 0.3 to 1.5 ft. Tne siuate teas 
obtained is adjusted to pH 7-8 and added with a neutral 
salt such as, for example , ammonium sulfate to 70% 
saturation to salt out ths active Substance, whereby 
a crude fraction containing glycoprotein is obtained. 

The above crude fraction is rediasolvsd in 
a small portion of an alkaline solution, freed from 
low molecular substances having a molecular weight of 
10>i?00 or less by ultrafiltration and contacted wish 
a cation exchanger (for example., ca^boxytnefehy Idsxtraft , 
carboxymethyicellulose or phoaphcceiluioss } to remove 
she Impurities contained in the solution. Before the 
above contact, both the crude fraction containing 
glycoprotein and the ion exchanger are equilibrated to 
pH 6 ~ 8 with preferably o.Oi-Q.15 ft buffer solution 
so that the contact' may be carried out under the condi- 
tions of nearly neutral pH. Most of the glycoprotein 
passes through the ion exchang-r unadsoroed. After 
concentration, the concentrated effluent is equilibrated 
with a dilute buffer solution of pH- 6 - 8 and applied to 
anion exchanger column {'for example, DEAE-ceixulose) 
equilibrated with same buffer as above to adsorb the- 
glycoprotein on she column. The adsorbed glycoprotein 
is elated by the so-called linear concentration gradient 
eiution by using a 0.1 to 0,3 M saline solution, e.g. 
a sodium chloride solution. The glycoprotein is e luted 
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1 at a salt concentration of G,i M or nigher, but a 

perfect separation is difficult. The affluent fractions 
■at 0.1-0-3 M salt concentrations are pooled and : 
if necessary, the pooled fraction is desalted and 
5 concentrated (fcnis fraction is designated fraction A). 
The fraction A may be used as such- in the method of 
this invention. 

It is also possible that before being sub- 
jected to the linear concentration gradient eiutlon, 

10 the glycoprotein fraction is purified by the adsorption 
on an anion exchanger and step-wise eiutlon with 0.1- 
0,3 H saline solution. 

For the purpose of further purification, 
the fraction A obtained above is iu&jectsd to gel 

15 filtration chromatography on a highly crossiinked 

polymer gel having a water regain value of 10-20 jrd/g 
such as, for example, Sephadex^ G-150 or Biogel^ 
P~100; the active substances are developed with a 0.05 - 
0<i M saline buffer and fractions having a relative 

20 effluent -value of .1,11-1,60, preferably 1.11-1.45, 

are collected, desalted and concentrated or lyophilized 
(this fraction is designated fraction B ; . 

The glyeoprotein-containing fraction B thus 
obtained can also be used in the method of this invention. 

25 The relative effluent volume as herein referred to is 

a. volume expressed by the ratio V^/y^ (where v\ represents 
the volume of solvent necessary to eiuta the substance 
in the column and V q represents the void volume of 

- 10 - 



11S8881 



1 the gel column) . 

For further purification, the 3eml-pu.ri.fied 
substance obtained above is dissolved in a dilute 
buffer solution containing 1.0 - 2. Q M salt such as, 
5 for example , a phosphate buffer solution at pH 6.0-6. 
preferably £.0-7.0, containing 1.0.-2,0 M sodium 
chloride and subjected to affinity chromatography with 
a sugar affinitive adsorbent such as, for example, 
cone ana valin A ~ Sepharose ; 4E (supplied by Pharraaaia 

10 Fine Chemical) which has been equilibrated with the 
same buffer solution. The glycoprotein adsorbed on 
the affinity column is eluted with a 1.0 -2,0 H saline 
in dilute buffer at pH 6.0-8,0. preferably 6.0-7,0, 
containing 20 - 100 mb) saccharide (for example, 

15 methyl-D-giucosids) . The fractions containing glyco- 
protein are combined and. if necessary, desalted and 
concentrated or iyophilized . This fraction can also 
be used in tne present method » 

For still further purification. the above 

20 fraction is subjected to preparative zona electrophone 
using as the supporting mediura, for example a poly- 
aeryiamide gel or agar gel. p;-I 7.0-0,0. sna a highly 
purified glycoprotein fraction is recovered from the 
supporting medium with a dilute saline solution under 

25 cooling. This fraction is desalted and concentrated 
or lyoohiiiKed . The purified glycoprotein can also 
»e used In the method of this invention. 

The glycoprotein used in the present method, 



1128881 



1 which stimulates trie formation of mouse granulocytes 

ana macrophages has been described in the af ore-mentioned 
literature . The preparative method of Stanley and 
Mescaif, Chafe of Stanley et al. and that or Laukel st ai, 
5 are described in detail in Examples 6, 5 and 7 , respec- 
tively, in this specification. 

The biological activity of the glycoprotein 
preparations to mouse bone marrow ceils is assayed 
in the following way and expressed in terms of "unit." 

10 To 1 ml of McCoy * s 5k medium supplemented with 2055 of 
fetal calf serum, 0.3? of agar and 1 x 10 b hone marrow 
cells of C ! -. ? Si/6J mice, is added with 0,1 ml of glyco- 
protein being assayed or a fraction containing same . 
'The giycoprote in-containing medium thus prepared is placed 

15 in a plastic Petri dish, 35 mm in diameter, and incubated 
at 3? C 'C in a humid if led atmosphere of 5,? C0 ? in air for 7 
days. After completion of the incubation, the number of 
discrete aolonie^ containing each §0 or more sells-, is 
counted with an inverted microscope. The biological 

20 activity of a sample forming one colony is assumed to 
be one unit. To evaluate the purification degree of a 
glycoprotein sample, the specific activity is calculated 
by the following equation: 



Specific activity ^ 



Unit of the sample 
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■ l Tb -- specific activity increases with r,he 

progress of purification. The glycoprotein or glyco- 
protein-containing Tract ion being added oo the medium 
in the method of this invention can be purified oris 
5 having a high specific activity but is preferably 
one having a rather lower activity obtained in the 
coursa of purification. The quantities of glycoprotein { H ) 
and (M) to be added to the medium are at least 0,1 jig, 
preferably 10 - 100 yg per I ml of medium, and at least 
10 500 units, preferably 1000 units or more per 1 mi of 
medium , respect! vely . 

CM Recovery of the active substance from the 
conditioned medium. 

The conditioned medium containing C3F prepared 
15 as described above is collected from the Petri dish 
and centrifuge* a.z 1,000 - 2,000 x g for 5 to 10 minutes 
to obtain a supernatant which contains highly active 
CSF . 

The- above supernatant is useful for the 
20 preparation of a clinical diagnostic reagent or a 

reference reagent for testing the formation of colonies 
by human granulopoietic stem cells, For this purpose, 
the activity of the supernatant is adjusted so that 
0.1 mi of the supernatant may contain a CSF activity 
25 sufficient for forming at least 100 human granulocyte 

colonies, filtered through a membrane filter, asep^icaliy 
filled in a container and hermetically sealed to obtain 
a liquid reagent. A reagent in powder form can be 

- 13 - 
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1 prepared by the aseptic iyophilization of the above 
sterile filtrate . 

For the pharmaceutical use, a conditioned 
mad i urn obtained by using a serum-free medium or a 
5 human serusi supplemented medium is dialyzed agsinsc 
wauer to remove mediu&i constituents, aod sterilized 
by membrane filtration. If necessary, the filtrate 
is concentrated, aseptically filled in a container and 
hermetically sealed to obtain a pharinaceuticai in 

10 liquid form. It is also possible do obtain a pharma- 
ceutical in powder form by sterilizing the dialyzed 
solution by membrane filtration and iyophiiizing 
aseptically. 

For further .purification sof :CSF for the 

15 pharmaceutical use, the aforementioned supernatant is 
separated into a high molecular fraction (molecular 
weight above 5,000 or 10 .000) and s low molecular 
fraction (molecular weight below 5*000 or 10,000) by 
means of an ultrafiltration membrane (molar weight cut- 

20 off 5,000 or 10,000). Although both fractions contain 
CSP, 90$ or mors of CSF exist in the high molecular 
fraction. ; ■ 

A pharmaceutical product can be obtained 
by concentrating the low molecular fraction in vacuo. 

25 The concentrate of high molecular fraction is dissolved 
in 0.01-0,1 M buffer solution (pH 6,0-8.0} and contac 
with an anion exchange resin such as, for example, 
DE A E - e e 1 1 u lose , DSAE-3ephadex or QAE-Sephadex , which 
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has been equilibrated with the said buffer solution,, 
to adsorb CSP on the resin. The CSF adsorbed on the 
resin is eluted with 0,1-0.3 M Duffer solution (pH 6.0- 
8.0) so obtain a purified product. 

The above eluate can he f mother purified by 
concentration and subsequent molecular sieve chromato- 
graphy by gel filtration. The gel for the c;ei filtra- 

( »\ 

t-±on can oe any of commercial Sepharfex^' G— 150, 
Biogel^' P-100 and Ultrogei^ ACA-IM. 

When She CSP activity is produced by using 
a seruni-xVee medium, the treatment with an anion exchange 
resin can be omitted and one purification is performed 
directly by the gel filtration chromatography ; A 
suitable developing buffer solution in the gel filtration 
chromatography is 0.01 - 0.3 M buffer solution (pH 6.0- 
8.0). The CSF activity fractions Obtained by gel 
filtration are pooled and ths pooled fraction is 
concentrated, desalted and iyophili zed to yield a 
purified C3F product. 

The purified CS? products obtained above 
are analysed for the contaminant proteins by Immuno- 
electrophoresis using human antiserum and bovine 
antiserum. Trace amounts of human globulin-like 
proteins And serum albumin and globulin-like proteins 
both originated presumably from fetal calf serum are 
detected in the CSF products obtained from a fetal calf 
serum supplemented medium. On the other hand, since 
absolutely none of such proteinic substances is detectable 
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in the 03? produced in the serum-free medium, it may 
be used as a pharmaceutical which is free from aids 
effects. 

For inj&ctlons, the liquid pharmaceutical 
products are used as such and the powder products 
are suitably dissolved in sterile water, sterile 
physiological saline, or the like before use. 

The pharmaceutical product prepared by the 
present method is administered to .a patient with 
granulocytopenia at an effective dose larger than 77,8 
rag/ kg body weight /day. 

Experimental Example 1 

Experiment on incubation period. 
\li Isolation of monocytes and marcrophages and 
preparation of glycoprotein, 

Monocytes and macrophage^ were isolated as 
described later in Sxaraple l~(i}.s The glycoproteins 
used in the experiment werss prepared as described later 
in Example i-<2) and Example 5 -(2). The glycoprotein 
(H) prepared as in Example 1- (2) was a fcighiy purified 
product in the final purification stage and the glyco- 
protein {?'!) prepared as in Example 5 -(2} was a s bandar 
purity product (specific activity: 130,000). 

Incubation of monocytes and macrophages. 
Two media each containing 100 yg/ml of 
glycoprotein (H) and two giycoprote in-free media were 
prepared. For the media, were used serum-free McCoy '3 
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I medium and supplemented McCoy's 5 A medium containing 
20% of fetal calf serum, 

To each Petri dish containing monocytes 
and macrophages adhered onto the bottom, was added 
5 each one of the four media at a rate of 10 6 monocytes 
and macrophages per ml medium. Each medium was in- 
cubated in the satr.e manner as in Example 1-C35. 
A predetermined volume of the .medium was withdrawn from 
each dish before incubation and after incubation period 

10 of 1, 3, 5 and 7 days. 

On the other hand, the above procedure was 
repeated,, except that the glycoprotein (K) was used at 
a rate of i.000 units/mi medium in place of the said 
amount of the glycoprotein ( H } . 

*5 (3) Assay of CSF in the conditioned medium. 

The CSF activity of each conditioned medium 
was assayed by the formation of colonies of human bone 
marrow ceils. The bone marrow was withdrawn from the 
sternujs of a healthy individual by means of a heparin!;; 

20 syringe after sternal puncture. The withdrawn bone 
marrow was centrifuged at 1,000 x g sf or 10 ■minutes to 
collect the huffy coat. The huffy coat was washed 
with McCoy's 5 A medium, suspended in. McCoy's 5A medium 
containing 20$ of serum, spread over a Petri dish. 

25 added with several rr.g/mi medium of a powdered ear-bony i- 
Ircn which had been subjected to dry air sterilisation, 
and allowed to stand in an incubator at 37°C for 1 to 
2 hours. After standing, the phagocytic ceils which 



1128381 



phage cyt I zed the particles of earbony i-iron were fixed 
to the bottom of Petri dish by means of a magnec and 
she supernatanc ceil suspension was collected. The 
suspended cells are r.on adherent., non-phagocytic cone 
marrow cells and are used for the assay of CSP activity. 
These bone marrow cells were washed by eentrifugafcion 
ana suspended in a small volume of the medium. The 
number of nucleated cells in the suspension was counted 
after treating with an acetic acid-gentain stain, 

The non adherent, ncn-phagecytic nucleated 
ceils wers added to McCoy's 5 A medium containing 0-3f- 
o.f agar and 2Q% of fetal calf seruisn so that the medium 
may contain 2 x 10"' said ceils per tel of the medium, 
After addition of r/ne conditioned medium at a rat*; of 
0,i ml/ml medium, the inoculated medium was incubated 
at j?°C in a humidified atmosphere of : -,% CO., in air 
for 10 days. After incubation the number of colonies 
among tne cell aggregates which were formed was oounted 
under a microscope (the term "colony", as herein used, 
means a c*ai aggregate containing '<'i0 or sore cells}. The 
CSP activity was expressed in terms of the number of 
colonies and used, as a measure for the production of 
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As shown in Table I, .it- was found that by 
the addition of either glycoprotein the CSF production 
became nearly maximum on the third day of incubation 
in every medium. Ln the medium containing 20% of fetal 
calf serum, the OS? production was markedly larger 
in the presence of glycoprotein than in she absence of 
glycoprotein conventional method). In the serum- free 
medium CSF was produced when glycoprotein was added, 
while CS? was scarcely produced when glycoprotein was 
not added. 

From the above results, it- is evident that 
in producing CSF by en* cultivation or? monocytes and 
macrophages in vitro, these glycoproteins stimulate 
the production of CSF, whether the - medium contains 
serum or not. It was also found that: a suitable 
incubation period is 3 to 7 days, preferably < days. 
It Is to be noted that when monocytes and macrophages 
were not seeded, no CSF activity was detested in the 
conditioned medium, whether glycoprotein was present 

Experimental Example 2 

Experiment on the amount of glycoprotein 
added to the medium. 

Media were prepared by adding the same 
glycoproteins ( H } and (JO as used in experimental Examp 
1 to McCoy's 5A medium supplemented with 20:S of fetal 
calf serum and serum- free KcOoy's 5 A medium. In the ca 
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1 or glycoprotein (H ) , the account added Co the medium 
was 0.1, 1.0, 10.0 or 100 ug/ml medium. In She case 
of glycoprotein (K) , the adds a amount was 100, 500, 
i.,000 or 2,000 units/ml medium. Each preparsd medium 

5 was poured into the Petri dish containing adhered 
monocytes and macrophages and incubated for 3 days in 
the same manner as in Experimental Example 1. The CSF 
activity of each conditioned medium was assayed as 
in Experimental Example 1 to examine the CS? product ior 

0 Samples obtained by incubating each medium without the 
addition of glycoprotein ware used* as control . The 
results obtained were as shDwn in Table 2, 
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Taoie 2 



Added amount 
9 i giycoprotaln 


CSF activity (number of 
colonies) per 0.1 mi of 
c ond it ioried medium 


Medium contain- 
ing 20% of fetal 
calf serum 


OS: ^Uift — 

medium 




Glycoprotein (H< 












0 tocoferol) 


2«i 




3 




1 




51 




2 s 


9 ± 


1 




116 




<i i 




2 \ 




166 




10 * 


53 £ 


i 

3 | 


.10 0.0 


1T0 
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80 i 


4 | 


Glycoprotein (M) 
(■unit /ml"} 












0 (control) 


21 






a ± 




100 


28 


± 


3 \ 


6 z 


3 


500 


96 






13 ± 


6 


1800 


129 




8 \ 


^9 i 


6 


2000 


■ 170 




6 i 


85 .t 


8 



1 «s is seen from Table 2, by the addition of 

either glycoprotein the CSF production increased 
with the increase in the added amount of glycoprotein. 
In view of the above results as well as the previous 

5 results shown in Table 1 (results obtained by 3 days 
incubation }, it is acceptable that OS? production is 
markedly increased by the presence of 0.1 pg of glyco- 
protein (H) or S00 units of glycoprotein { M ) in 1 mi 
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ox" the ffiediuffi. In the present method, therefore, 
the acnount of glycoprotein to be $dded to I ml of 
the medium is at least 0.1 yg, preferably 10 to 100 ug 
for glycoprotein (H) and at least; 500 units, preferably 
1,000 units or more for glycoprotein (M) , 

Experimental Example 3 

Experiment; on the amount of monocytes and 
macrophages to be inoculated into the medium . 

A scries of conditioned media were obtained 
by repeating the procedure.- of Experimental Example 1, 
except: that the number of monocytes and macrophages 
inoculated into 1 nil of the medium was 0, 10 ~' , 10 \ I0' J 
or- 10 i ug of the glycoprotein (,H) or 500 units of 
the glycoprotein (H) was added to i mi of McCov's 
5 A medium supplemented with 20? of fetal calf serum 
or- serum-free McCoy's 5k medium; and the incubation 
period was 3 days. The conditioned media obtained were 
assayed for the CSF activity to examine the production 
of CSF in the same manner as in Experimental Example 1. 
The experimental results were as shown In Table 3- 
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10* 



"-Gi aefivUv i-^unouf of o-.l 
per v.l "il of ,c.nci-,.or.ei rr 



er'rK ?c;. or fetal calf 



Me c; I ^-t! jr, "j air. ' r ■$ 
gly^pz-otelu !£} 



b ± 1 
2^ t 2 
59 t - 



39 t o c 
29 t ic 2 ± i, 

169 ± 9 : 74 * 2 



evident from Tables 3, in -any of th& 
he experiment, a lar-ge quantity of CSF 
wer* produced when at least 10 5 cslls wer? present; .In 
L ml of the ajsdiujE. In the m-sthod of chis invention, 
t her* for, it is desirable to inccubace at iaa.st 10 5 
into 1 IhI of tim. medium,- 
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Experimental Example ij 

Comparative experiments of CSF production on 
several media. 

With respect; to the CSF production, four 
commercially available media for tissue culture or 
cell culture were compared with one another. The 
nsedia used in the experiment included McCoy's 5A tnediur 
{Gibco. Go. }, nutrient mixture. HAMPi-lG (Gibco Co . ) , 
RPMI-164Q (Kissui Seiyaku Co.), and Eagle's MEM medium 
supplemented witn amino acids (Kissui Seiyaku Co.). 

To each of the media containing no supple- 
mented serum, was added 1,0 sig/ral medium of the 
glycoprotein ( K) or 500 units/ml medium of the glyco- 
protein. (M) . The prepared media were incubated for 
3 days in the same manner as in Experimental Example 1 
The conditioned media, were assayed for CSF activity 
in the same manner as in Experimental Example 1 to 
examine the CSF production. The results obtained were 
as shown in Table 
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Table H 



' CSF activity (number of colonies) 
Medium ; ?er 0,i m " L cf " conditioned medium 

I Added with glyco- j Added with glyco - 
' protela ! ' H ^ I protein (M) 

McCoy's 5 A 
HAMF - 10 
RPMI •■ 1640 

mn 



69 * 5 
71 t 3 

is 8 ± I 



83 r. 6 

76 t. 8 

81 ± 1 

t 5 



As is evident from Table- 4, any of its above 
four media can be used in carrying; out toe .method of 
this invention, though the CSF production is somewhat 
lower in the MEfi medium. 

Experimental Example 5 

Experiment, on the amount of serum added to 
the medium. 

Conditioned media were attained in the same 
manner as in Experimental Example 1, except that use 
vra3 made of those media which had been prepared by- 
adding to McCoy's 5 A medium 0, 5, 10, 20 or 301 of 
human serum (Green Cross Co.} or fetal calf serum 
(Flow Laboratory Co.). both of which had- been heated 
at 53°C for 30 minutes, followed by 1 ug/rai medium of 
the glycoprotein ;'H) or 500 units/fci medium of the 
glycoprotein (M) ; the number of monocytes and macrophages 
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inoculated into each medium was lO^/mi; sad the period 
of incubation was 3 3 ays . The conditioned media obtained 
were assayed for CSP activity in tbe same manner as 
in Experimental Example i no examine -he production 
of CSF. The results v:ere as shown in Table 5. 



Table 5 


Added amount 
of serum 
(.*) 


CSF activity (number of colonies) i 
per 0.1 ml of conditioned medium ' 


Added with s 
human serum s 


Mded with fatal 
calf serum 


.Medium containing 
glycoprotein (H) 





Sons 


! a 5 
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.2 


5 


: 55 




1 1 
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; 93 
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3 1 
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2 S 
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Med i um c on t ainins 
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30 


: 123 




8 | 


92 
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* As is apparent from Table 5 

in the amount of either serum added t- 
the production of CSF was found i 
according; to this invention CSF is produced in a 

to et»e medium when th? production of a 
of CS? is required for use as a reagehl 
he effective; amount of serum to be added fox- such 
purpose is at l-ast 5%, preferably 10% or more. 



Experiment on the addition of a glycoprotein- 

containing fraction and a highly purified fraction. 
In Experimental Examples 1 ;o 5, 

glycoprotein was used as 
15 a stimulating offset on the formation of ! 

granulocyte (Case 1} and, on the other h. 

purity glycoprotein '(specific activity: 180,000) 

was used as the active substance having a stimulating 

effect: on the formation t 
20 granulocytes (Case II). The present 

carried out, as described below., to ■ 

in the method of this invention . 

can be used in place of the purified glycoprotein in 

Case I and that a less purified fraction as well as 
25 a highly purified material can be used in place of the 

standard purity glycoprotein in Case II, 



28 - 



U2S88i 



the experiment corresponding to Case I were thy 
fractsions A and E prepared as described later in Example- 
1. These fractions were each adder! to serum-free 
McCoy's 5 A medium in varied amounts of 0 3 0.5, 1.0, 
5.0 and 10 mg/mi corresponding, respectively, to 0, 
8.3, 16.6, 8?,. 3 and 166.6 pg/ail msdiutn in terras of 
active glycoprotein in fraction A and 0 , ^1.?. 83. '4 s 
; U7 and 334 u g/mi medium in terms of active glycoprotein- 
in fraction 8. The number rjf monocytes and macro- 
phages inoculated into each medium was 10-Vrni and 
the incubation period was 3 days, Conditioned media 
were obtained by incubating under otherwise the sane 
conditions as in Experimental Example i. 

Since the fractions A and 3 contained -human 
serum albumin excreted into the urine, control samples 
were prepared by adding human serum albumin (Sigma 
Co.) to McCoy's 5 A medium in an amount corresponding 
to that contained in the media prepared above; incuba- 
tion conditions were the same as described above, 

Each conditioned medium was assayed for 
the CSF activity in the same manner as in Experimental 
Example 1 to examine the production of CSF. The 
results obtained were as shown in Table o. 

As for the Case II, the glycoprotein 
materials used in the present experiment wars the 
fraction C (specific activity: 21,000; , fraction D 
(specific activity; 5« ,000) and the highly purified 
material (specific activity: 1,2^0,000 5 described in 
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example 5 and prepared as in Example 5. Conditioned 
media were obtained by repeating she experimental 
procedure described above in connebtion with Case I, 
except thafe the- fractions C and D and the highly purl 
material (see Example 5} were each, added cc she media 
in varied amounts of 0, 100, 500, 1,000 and 2,000 
units/ml radium in plaoa of the described amounts of 
the fractions A and B (see Example .1) rand the control 
tests using human serum aibunsin wera omitted. The 
results obtained were as shown in Table 6, 
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J.L tO of covx it- ioned r.sOdur' 



Glycoprotein | f s j 



f Example 



Fraction A ! l-'racriort B 



°*5 ; 50 ± 1 ! ^ tl ; ! 4 ± 1 



01 vco] ro;*ir. 1 

of i;xar,x^ 5 Fr^c;ien C | 



H1 gal y 
material 



-X S t 2 _ h 5 s ; 

^ 3-.' - f t- , ji : - _C T } 



1 E'-f^c- oi th-i pur j n ;?i-l oJl i-^re^ .f Me 

glyjorrcein Livir.t, a stimulitlr.gr oi on ;ae fvi-natl 
of ->u^.r. ^>&r.u:;ovte:; The OS 15 " or auction lr. 3 -.etiun; 
acde^ flin i't^cti^n A v.^s fcig;,..<t than ,n'r„ m 

5 the c:n„rol .aeiiu™. ir.dlcatiop- ~.ir t i. 5I ycopiVT^in 

iM^ir.u^ates th^ C>F preduc --. or. . As eo^par^ct ^ifh ih-s 
.-x^irrls sh^r. In Tab I p. 2, whbiair. 1,.' u?'-ai : f glyci-. 



- 31 - 



112S88I 



1 was higher in the example shown in Tab la 6 S therein 
0,5 mg/'ml of the fraction A (3,3 ttg/sd in terns of 
glycoprotein) was added, though a small amount of 
glycoprotein was added in the latter example. This 
5 sesms to be due to the influence of seruro albumin 

and other unknown ingredients of the human urine contains 
in tha fraction A. . 

By comparison of the medium added with fraction 
A with that added with fraction B with respect to 03P 

10 production, it is seen that when the added amount is 
at a level of 0.5 or 1.0 aig/ml, both fractions are 
comparable to each other, but at higher levels the 
fraction 8 shows lower CSP product; Ion. This Is probably 
because the huinan urinary serum albumin content of A 

15 is larger than that of & and because fcna addition of 
fraction 3 in an amount larger than 5 mg/ral results in 
excessive addition of glycoprotein. 3y taking these 
results collectively into account* it is presumable 
that the serum aiubumin and the like contained in 

20 human urine and tn~ glycoprotein .act synergetieally 

in promoting the CSF production and that a (s-aximuai C3F 
production 13 attained when about 100 ug/ml of glyco- 
protein is added to the medium. 

As for the glycoprotein having a stimulating 

25 effect on the formation of mouse macrophages and 

granulocytes (case II}, it is apparent; from Table 6 
that in every case the CSF production increased 
approximately in proportion to the amount of glycoprotein 



~ 32 - 



1128881 



1 added to the medium. As compared with the results 

shown in Table- 2 obtained by using a aerua-fraa medium 

the CSF production was higher in the case of the 
present experiment., wherein fraction C or D was used. 
5 although the amount of glycoprotein added to the 

medium is the same as in the former case. This seems 
to be caused by the influence of the serum albumin 
and the like contained in the fractions 0 and D which 
are originated from human urine, B?rom the results 

10 obtained by adding a highly purified glycoprotein 

material, it is apparent that although the CSF produc- 
tion is increased with the increase; of said giyeoprote 
material, the increment; is less than that in the cases 
of fractions C and 3 and the standard puM-ty 'material 

15 (Table 2), From the above results 4 it is presumable 
that in serum-free media, serum albumin and other 
substances originated from human urine play the same 
role as that of serum with respect to C3P production. 
In every case, therefore, in order to operat 

2Q advantageously the method of this invention, it is 
preferable to add to the medium a crude glycoprotein 
rather than to add a purified glycoprotein. In adding 
a. crude glycoprotein material, it is added in an amoun 
of at least 0,1 yg/ml medium in Case I or at least 

25 500 units/mi medium in Case II. 

Experimental Sxample 7 

Experiment on effective dose, etc, 
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The affective dose and the acute toxic dose 
\^£j 0 ) ' r CSF Produced by the method of this invention 
were determined by the following animal teat. 

A conditioned medium prepared in the same 
manner as in Example 3 was sterilised by membrane 
filtration, then filtered through an ultrafiltration 
membrane (molecular weight cut off: 10,000), concent- 
rated, desalted, and lyophilized fcp obtain OS? in powder 
form. :jpo.n testing by the same rse,thod as used in 
Experimental Example i, the number of colony formation 
with human 'cone marrow cells was found to be 4,500/mg. 
For comparison, the test was repeated using C.3H/He 
Biouse bone marrow cslis and the numoer of colony 
formation with the mouse bone marrow ceils: was found 
to be 7,000/mg. 

Eighty 03H/Ht- male mice *;6 weeks old and 
20 g of average body weight) were divided at random 
into 16 subgroups or each 5 members. The subgroups wers 
assembled at random to form U groups of each b sub- 
groups. 

The CSF obtained above was dissolved in 
sterile physiological -aline solution to obtain 3 
solutions of 1 mg/0.1 ml (for group I), 2 mg/G.l mi 
(for group II), and if mg/0.1 ml (for group III). Each 
mouse was administered subcutsnously with the solution 
in a dose of 0.1 ml/mouse/day, for 5 consecutive days. 
After 1, 3, 7 and 11 days from the beginning of administ- 
ration, blood samples were collected from five mice 
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1 of one subgroup of each group it fie subgroups from which 
the blood samples had been collected, were exempted 
from the fufcher test). The number of leukocytes in 
she peripheral blood were counted by the automatic 

5 blood call counter and she dumber of granulocytes 

ware counted under microscope by Wright-Gimsa ' s stained 
smears to determine the increase in the. number of 
leukocytes and granulocytes resulted from the administ- 
ration of CSP. A group (group I) administered with 

0 0.1 ml of a sterile physiological saline containing no 
CSF was treated in the same manner as above and used 
as the control group. The experimental results were 
as shown in Table ?. 
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X As c ompared w i t h gr o up I ■ ( e on t no 1 } , amoo s; t h 

CSF administered groups group II showed a twice increa 
in the number of leukocytes and a nearly three rimes 
increase in the number of granulocytes after 11 days 

5 from the beginning of test (6 days after the termina- 
tion of administration). As compared with group 1 } 
group XV showed a remarkable increase of about 4.5 tim 
in the number of leukocytes and about 3 times in the 

1G effective dose in mice may be assumed to be 50 mg/icg 
body weight /day. Since the colony -forming activity 
of the CSF employed in the above experiment is higher 
in the mouse bone marrow cells than that in human 
bone marrow cells by a factor of U 556 , an effective 

15 dose for a patient with granulocytopenia which exhibit 
on human bone marrow cells an effect equivalent to the 
effect in mice is about 77. S rag/kg body weight/day. 

The acuta toxicity of CSF prepared according 
to this invention -was tested by employ ins; the same 

2d CSF as used in the above test for administration dose 
and C3.H/B9 mice (6 - S weeks old and an average body 
weight of 20.4 g) . No fatal case was found in a. 
group (5 male- and 5 female members) administered with 
«.0 g of CSF/kg body weight. Accordingly, the acute 

25 toxicity was too weak to be determined by the above 
test. 
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Example 1 

(1) Isolation of monocytes and macrophages . 

Two hundred milliliters of periphery blood 
from normal humans were collect ad in a blood collecting 
Dottle containing 1,000 units of heparin and allowed 
to mix together with gently movement . The heparin! zed 
blood was transferred to a sterile glass cylinder, 
20 nun ir. diameter and 200 ml in volume, and allowed 
to stand for 2 hours at room temperature , After stand- 
ing, the upper leukocyte layer was collected carefully 
with a plpet, diluted with serum-free McCoy's 5A 
medium to twice the original volume, centrifuged at 
1,500 xg for 15 minutes. The supernatant was discarded 
and the sediment was suspended in 20 mi of McCoy's 5A. 
medium, superposed over a sodium metrizoate solution 
(specific gravity, d= 1.077) in a centrifuge tube, 
and centrifuged at $00 x g for 30 minutes. The white 
layer containing monocytes., macrophages and lympho- 
cyte? at the bottom of the upper layer was collected 
with a pipefc , washed by adding McCoy's 5 A medium, 
centrifuged at 1,500 x5 for 10 minutes, and the super- 
natant was discarded. This treatment was repeated 
twice more. The cells thus obtained were suspended 
:ln 20 ml of McCoy's 5 A. medium and a portion was used 
for counting the number of ceils with an automatic blood 
ceil counter (Toa manufactures Co.). A smear specimen 
of the suspension was prepared, stained with Wright - 
Giemsa's stain, and the number of lymphocytes as well as 
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the number of monocyte.? and macrophages were moroholog 
caily counted to determine the cell ratio. The proper 
tion of monocytes and macrophages was found to be 
25.5$. \ 

A 5 mi aliquot of the suspension was placed 
in each of the four Petri dishes. 15 cm in diamater, 
added with 30 rai of McCoy's 5 A medium suoDiemenTJed 
wish 10% of fetal calf serum, and allowed to stand at 
3?°C for 2 hours in a humidified atmosphere of 5% 
carbon dioxide in air. After standing the medium 
was discarded and 30 ml of McCoy's 5A medium was added 
and after rather vigorously shaking, the medium was 
discarded to remove lymphocytes. The proportion of 
monocytes and macrophages remained was determined by 
the ssuns testing me u hod as used above and found to 
be 95% in every dish. 

(2) Preparation of glycoprotein. 

Glycoprotein was prepared in the following 
manner according to the method disclosed in the Japane 
Patent Application Laid-open Ho. 1^,707/79 and the 
o t h e r 3 , ffje n s i on e d a b o ve . 

s'our hundred liters of fresh urine collected 
from normal humans was adjusted to.pK 3 with 10 % sodiu 
hydroxide solution and eenrrif uged at 15,000 xg in a 
continuous oentrif ugation at 0°C, whereby she insolubi 
were removed and the supernatant was col leered. The 
supernatant was adjusted to pH 7 with IQ% hydrochloric 
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acid, and passed through a column (.10 r. 80 era) packed 
with silica gel. The components adsorbed cn the silica 
gsl ware s luted with 'AO liters of 5% ammonia water. 
The eiuate thus obtained was adjusted to pH 7.5 with 
1 N sulfuric acid, added with powdered ammonium 
sulfate to 70% saturation, allowed; to stand at 0°C 
for overnight j and the formed precipitate was collected 
by filtration. 

The precipitate was dissolved in 2 Liters 
of 55* ansionia water, placed in a dialysis tuba (Visking 
Co.) and thoroughly diaiysed against 0,05 M phosphate 
buffer solution (pH 6.5)- The di^lyzed solution was 
made up to 10 liters with said buffer solution, and 
passed through a CM Sephadex C-50 ion exchange column 
( ; !0 v - ; !0 cm) which had been aquiiikrated with 0,05 H 
phosphate buffer solution. The contaminants were 
removed by adsorption on the ion exchange column and 
the effluent; was collected. 

Ten liters of the above effluent was con- 
centrated using Diaflow hollow fitter concentrator 
(Type DC-3G. Amicon Co.) and the concentrate was 
dia.ivz.ed against 0,1 H tris-HCl buffer solution (pH 7.0 
for overnight at 5°C. The diaiysed solution was made 
up to 1 liter with the same buffer, solution and 
passed through the DEAE-cellulose 'coluitin (4.0x^0 cm) 
which had been equilibrated with the same buffer 
solution. After washing with 0,1 M tris-HCi buffer 
solution, the adsorbed components were eiutsd with 
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O.I : v ; tris-HOl buffer solution (pH 7.0} containing 
0.3 M sodium chloride. The eluafce was collected and 
clialysed against 0,1 n tris-HCl buffer solution 
{pH 7.0). 

The diaiyzed solution was- again passed 
through the DSA£- cellulose column («.0x40 cm) which 
had been activated hy equilibrating; with the saite 
buffer solution and e luted by the linear concentration 
gradient eiution of NaCi i' chloride ion concentration 
gradient, 0,1-0.3 M) to collect the fractions eluted 
at chloride ion concentrations covering from 0.15 to 
0.25 M. The pooled fraction was added with powdered 
ammonium sulfate to 70% saturation and the formed 
precipitate was collected, dissolved in a small portion 
of 0.1 M tris-HCl buffer solution (pH ?.0) and dialyaed 
against the satfie buffer to collect the diaiyzed 
solut ion ( f rac t ion A ) . 

Twenty milliliter of the above diaiysed 
solution was developed on a Sephadej: a-150 column 
O'l.OxoC on-) which had been equilibrated with 0.1 M 
tris-HCl buffer (pH 7.0} and the fractions corresponding 
to a relative affluent value.- of 1.11-1.'+ 5 were collected. 
The combined fraction was thoroughly dialysed against 
distilled water ana the diaiyzed solution was lyophilized 
to obtain about 500 sag of a powder (fraction 3). 

■Xwo hundred milligrams of the above powder 
was dissolved in a 0.02 P\ phosphate ouffer solution 
(pH 7.0) containing 1.0 M sodiuia chloride and applied to 
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I st eoncanavaiin A-Sepharose «B affinity column (100 ml) 

which had bean equilibrated with the same buffer solution. 
The column was washed thoroughly with a 0.02 Ji phosphate 
buffer {pE 7.0} containing 1.0 M sodium chloride and 
5 then e luted with a 0.02 M phosphate buffer (pH 7.0} 
containing 50 asM .waethyl-D-glucoside and i « 0 M sodium 
chloride. The eluate was: diaiyzed against distilled 
water arid the dialyzed solution was iyophiiizsd . 

Further, about 50 reg or the lyophiilsed 

10 powder obtained above was dissolved in I mi of a 0.125 M 
tris-glycine buffer (pH 6.6) containing 10* of glycerol 
and electrophored at 10 mh under cooling by rafeans- of 
a preparative electrophoresis apparatus (Fuji Kabara-11 
of Fuji Riken Co.) .employing B% aerylamlde gel (pa fi«9j- 

15 20 x £5 mm) . The fraction with a relative mobility of 
0,46 was recovered with a 0.025 M tris-glycin buffer 
solution (pK 8.3), then dialysed against distilled 
water, and the dialyzed solution was lyophilizsd to 
obtain about 10 mg of glycoprotein. By repeating the 

20 above procedure, about 30 ?ng of glycoprotein were 
obtained... 

(3) Cultivation of raonocytss and macrophages. 

The glycoprotein obtained above was added to 
30 ml of a supplemented McCoy 's 5& : medium containing 
25 201 of fetal calf serum at a rate bf 100 yg/mi medium 
and 30 ml of the prepared n-ediuai was poured into each 
Petri dish which contained adhered macrophages and 
monocytes as described in (1) of this example. The 
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1 number of monocytes and macrophages in the medium was 
iOVrru medium. The prepared msdiug; was incubated at 
37°C for 3 days in a humidified atmosphere of 5% 
CCu in air fcc obtain conditioned medium containing 

5 CSF, 

(A> Purification of OS? in the conditioned medium. 

The collected medium was eentrifuged (2,000 Kg) 
at 2°C for 10 minutes to collect about 120 ml of the 
clear supernatant which s*;as concentrated by uitra- 

10 filtration membrane (Amioon Co,.; molar weight cut-off 
10,000), The concentrate was added with .100 ml of a 
0.05 M tris-HCl buffer solution (pH 7.2} and again 
concentrated to 5 ml . 

The .solution obtained above was applied to 

15 a DSAS-ceiiuiose column (2.0x60 cm) which had been 
equilibrated with 0.05 M tris-HCl buffer (pH 7.0) 
and the CSF was eluted with linear | gradient concentra- 
tion of n&Cl (0-3 M). The eluted = active fraction 
was pooled and concentrated by means of the above-said 

20 ultrafiltration membrane apparatus; The concentrated 
solution was applied to a Sephadex G-150 column (2.0 s 
90 cm) which had been equilibrated with a 0.05 M 
tris-HCl buffer solution (pH 7.0} and then developed 
with the same buffer solution to collect; the fractions 

25 corresponding to a molecular weight? of 6$ } GOO - 90 ,000 
and the fractions corresponding so, a molecular weight 
of 30,000 - 60,000, These fractions were combined 
and concentrated by the ultra filtration membrane 
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1 apparatus. The concentrated solution was added with 
distilled water, desalted and concentrated to obtain 
about 5 ml of a solution containing purified C3F. 
This solution was found to have an activity of 

5 forming 41,000 colonies of human granulocytes per ml, 
as assayed in the same manner as in Experimental 
Example i. 

Example 2 I 

In a manner similar to that in example l, 

10 monocytes and macrophages were isolated from human 
peripheral blood and treated to prepare the purified 
glycoprotein. By using a medium prepared oy adding the 
purified glycoprotein to serum-free McCoy's 5 A medium 
at a rate of 100 ^.g/ml medium, about 5 ml of a solution 

15 containing purified CSF was obtained in a manner similar 
to that in Example 1. This solution showed an activity 
of forming 16,000 human granulocyte colonies per mi 
solution., as assayed in the same manner as in Experimental 
.Example 1, 

20 Example 3 

In a manner similar to that in Example i ; 
monocytes and macrophages were separated from the human 
peripheral blood and treated to prepare the glyco- 
prcte iii-cont aining fraction (fraction A'>. By asing a 
25 medium prepared by adding said fraction to serum-free 

McCoy's 5 A medium at a rate of 5 mg (8.3-3 mg in terms of 
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glycoprotein )/ml medium, about 120= ml of a conditioned 
medium was obtained. The conditioned medium was 
dialyzed against distilled water and the dialyzed 
solution was con cent rated by vacuum evaporation at 
low temperatures to obtain about 5 ■. ml of a OSF -contain- 
ing solution. This solution showed an activity of 
forming 36,700 human granulocyte colonies per ml 
of the solution, as assayed in the same manner as in 
S x pe r ime n t a 1 E xara pie i . 

Example 4 

In a manner similar r,o shat in Example 1, 
monocytes and macrophages were separated from the 
human peripheral blood and treated to prepare the 
glycoprotein-* ontaining fraction (fraction B). By using: 
a medium prepared by adding said fraction to McCoy's 5 A 
medium containing 10% of human serum at a rats of 
1 ing (83.3 ug in terms of glycoprotein >/al medium, 
about 5 ml of a purified CSF- containing solution was 
obtained in a manner similar to that in Example 1. 
This solution showed an activity of forming ^;-:.200 human 
granulocyte colonies per ml of the; solution } as 
assayed in the same manner as in Experimental Example 1. 

Example 5 

(1) Preparation of glycoprotein. 

According to the method Of Stanley en al. 
described previously, glycoprotein and glycoprotein™ 
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I containing fractions were prepared in the following 
manner .: 

Pour hundred liters of fresh urine collected 
from normal humans was diaiysed against; water through 
5 an ultrsf titration membrane. The dialysad solution 
was adjusted to pH 7 . and passed, through a DEAE- 
celluiose column (20 x 15 em) which had been equilibrated 
wi&ii a 0,0 3 M tris-RCi buffer solution (pH 7.4), to 
allow toe active substances to adsorb on the column. 

10 The adsorbed active substances were' washed with. 20 

liters of a 0,1 tt tris-KCI buffer solution containing 
0.0*1 M sodium chioride> then eiuted with 20 liters of 
a 0.1 M tris-HCl buffer solution -pH '< .0} containing 
0.15 M sodium chloride, and the eluabs- was dialyzed 

15 against distilled water (fraction <$} . 

A calcium phosphate gel ^as added to the 
above dlalyzod solution in a proportion of 58 ml gel/g 
protein to allow the active substances to adsorb to 
the gel. The calcium phosphate gel was collected by 

20 filtration, washed twice with. 20 liters of a 0.005 M 
phosphate buffer (pK 6.5), and eiuted with 5 liters 
of a 0,025 H phosphate buff sr. The eluate was eentri- 
fugod at 12,000 xg for 10 minutes to collect the 
supernatant. The supernatant was dialysed against 

25 distilled water and the dialyaed solution was concent- 
rated to about 50 ml by vacuum evaporation. The 
concentrate was equilibrated with a 0.1 M tris-HCl 
buffer, applied to a DEAE-cslluiose column (2.5x90 cm) 
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which had been equilibrated with the same buffer, and e luted with 
a 0,1. bl tris-HCi buffer solution containing sodium chloride by the 
linear chloride concentration gradient elation technique (sodiura 
chloride concentration gradient: 0 to 0,15 H) . The fractions 
containing the glycoprotein were collected and concentrated by 
means of an ultrafiltration membrane (fraction D) . 

The concentrate obtained above was subjected to gel 
filtration using a Biogei P-10G coltsim [2.S x 110 eeiO , which had 
been equilibrated with a 0.03 M tris-HCl buffs? solution, to obtain 
230 nig of glycoprotein (standard purity product). 

One hundred milligrams of the standard purity product 
was dissolved in 0,1 M acetate buffer solution (pH 6.0) containing 
1.0 M NsCl, 0,001 M MgCl^, 0,001 M MnCI, and 0.001 M OaCi^ applied 
to si conci-navsiin A-Sepbsrose 4B colunui (36 :< 1,0 cm) which had been 
equilibrated with the same buffer solution, and eluted with 0,1 V, 
ct-saethy i-D- gl acosi dt- solution to obtain 3 mg of. glycoprotein 
(highly purified product) , 

The biological activities on mouse bone marrow colls o£ 
various purity grades of glycoprotein were assayed by the afore- 
mentioned siethod. The results were as shown in Table 8, 
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Table 8 



Sample 


! Specific activity \ 


Be m i -p ur i f i ed p r* ad u c t 




Fraction A 


2i, a oo j 


Fraction B 


j 54,000 I 


Standard purity product. 


\ s 180,000 ■< 


Highly purified product 


i i 1,2SQ,0GG i 



i (2) Cultivation of monocyte 3 and macrophages; and 

purification of CPS in the conditioned medium. 

The procedures of Sx.amp.le l-(3) and l-('i) 
were repeated, except that 1,000 unics/ml medium of 

5 the standard purity glycoprotein was used in place of 
the highly purified glycoprotein. There were obtained 
about 5 n-i of a purified CSF-containing solution which 
shewed an activity of forming 35,000 hurean granulocyte 
colonies per ml of the solution. 

10 .Example 6 

About 5 ml of a purified CSP-eontaining solution 
were obtained by repeating the procedure of Example 5, 
except that a glycoprotein prepared in the following 
raannsr. 1 by the method of Stanley and Metcaif was used 
15 in place of the glycoprotein prepared by the raerhod 

of Stanley et al. The purified USF-containing solution 
obtained in the present Example showed an activity of 
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I forming 9,800 human granulocyte colonies per ml of 
the solution. 

Twenty iitors of human urine was dialyzed 
against tap water at room temperature for- 8-3.2 hours, 
5 To the diaiysed solution were added 75 g of DEAE- 
cellulose equilibrated with water arid 100 ml of a 
1-0 M tris-HCi buffer (pH 7,0). The resulting mixture 
v?as thoroughly mixed to allow the glycoprotein to adsorb 
to the DEAE-c&lluioss - After removing the supernatant, 

10 the DSAE-ceiluiose was washed three times with 0.1 M 
tris-KCl buffer ('pB 7.0} containing: 0.05 tt sodium 
chloride, Thereafter, the adsorbed glycoprotein was 
e luted with 300 mi of 0.1 M $ris~HC! buffer (pH 7-0) 
containing 0.5 M sodium chloride (this procedure was 

15 repeated six times). The eluate was concentrated by 
vacuum evaporation at '*G°C and diaiysed against 0.1 M 
tris-HCi buffer (pH 7.0). The dialyzed solution was 
applied t o .a DE AE~ eel 1 ui o s e o 1 uirm {2.3 :< « h c m ) wh ic h 
had been equilibrated with 0.1 K tris-HCi buffer 

20 (pH 7.0) to allow che glycoprotein bo adsorb to the 
DEAE-cellulcse . After washing the column with uhe 
same buffer containing 0.05 v l sodium chloride, the 
adsorbed glycoprotein was e luted by the sodium chloride 
concentration gradient elation technique using 0.1-0.5 M 

25 sodium chloride in the same buffer. The eluate was 
diaiysed against water and the dlalyssd solution was 
concentrated by vacuum evaporation and iyophxiized. 
Tha iyophillzed material was dissolved in 0.1 M fcris~HCl 



~ W9 - 



1128881 



1 buffer (pH 7.0 3 and applied to a Sephadex G-I50 
column (2.3 x 150 om) , which had been equilibrated 
with the same buffer, to collect the glycoprotein 
fraction, This fraction was dialyced and iycphiilzed 

5 to obtain about 12 mg of a powder having a specific 
activity of about 36,000 oa mouse bona marrow cells. 

Example ? 

Monocytes and macrophages were separated from 
the human periphery blood in the same manner as In 

10 Example 1. A glyooprotein-corit aining fraction was 

prepared in the manner as described below according to 
the aforementioned method of Laukel efc al. and added to 
serum-free McCoy* s 5 A medium at a rate of 2,000 units/ml 
medium. Using this medium, cultivation was carried out 

15 in a similar manner to chat: in Example 5 to ootain 

120 ml of a conditioned medium. The conditioned medium 
was dialysed against' distilled water and the dialyzed 
solution was concentrated by vacuum evaporation at a 
low temperature, yielding about 5 mi of a CSF-containing 

20 solution which showed an activity of forming 29 ; 000 
human granulocyte colonies per ml of the solution, as 
assayed in the same manner as in Experimental Example 1. 

Fifty liters of human urine was dialysed 
against running tap water by means of an uitrafiitra- 

25 fcion membrane apparatus (CI, 100 of Asahi Kasei Co.), 

The dialyzed solution was passed through a DEAE-cellulos 
col umn { i 0 x 3 0 c m } w h i o h h ad b e e n e q u i 1 i b r a t ed w i t h 
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i 0,05 M tris-HCl buffc-r ( P h 7.3} to allow the glyco- 
protein co adsorb to the DEAE-cellulose . After washing 
the column with 0,05 M tris-HCl buffer (pH 7.3} supple- 
mented with 0.05 M sodium chloride y the glycoprotein 
5 was a luted with Che same buffer supplemented with 

0.3 M sodium chloride. The eluate was diaiysed against 
0.05 M tris-HCl buffer (pH 8,0} supplemented wish 
0-5 M NaCl , 2 mM CaCi, and 2 mM MgCl p . The diaiysed 
solution was applied to a concanavalln A-Sepharose 48 

10 column (2,6 x '40 cm) which had bean equilibrated with 
the same buffer to allow the glycoprotein to adsorb 
to the column* After washing the column with the- 
swe buffer j the glycoprotein was, elated with the same 
buffer supplemented with 0.15 M o-methyl-O-tnannosids . 

15 The eluate was concentrated by ultrafiltration to obtain 
about ? mi of a fraction containing 6 nig in terms 
of protein of glycoprotein in 1 ml. The specific 
activity of this fraction was about 20,000 on mouse 
bone marrow ceils, i 

20 Example 8 

[Monocytes and macrophages were separated 
from the human periphery blood in tshe same manner as 
in Example 1. A glycoprotein— containing fraction 
(fraction D) prepared in the same manner as in Example 
25 5 was added to McCoy's; 5 A medium supplemented with 10? 
of human serum at a. rate of 2,000 units/ml medium. 
Using this medium, about 5 ml of a purified CSF- 
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containing solution, was obtained in a -Banner similar 
to that in Example 5. This solution snowed an activ 
of forming ?'4 ,000 human granulocyte colonies per mi 
of the solution, as assayed in the same manner as 
in Experimental Example 1. 
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